
WHAT IS CLAIMED IS: 

1. A method for flip-chip bonding an integrated circuit 
die to a substrate, comprising the steps of: 

providing said integrated circuit die with at least one 

gold bump, 

forming a barrier layer on said gold bump, 
forming a bronzing agent on said barrier layer, and 
providing sai^d substrate with at least one conductive 
bonding area, said bonding area covered with gold. 

2. The method of claim 1 further comprising exposing said 
bronzing agent to a plasma comprising fluorine such that 
fluorine-containing compounds form on said bronzing agent so as 
to allow wetting to occur. 

3. The method of claiifc 1, wherein said gold bump comprises 
at least about 90 weight % Aul, said barrier layer comprises at 
least about 90 weight % Ni, ai^d said bronzing agent comprises 
about 100 weight % Pb. 

4. The method of claim 1, wherein said bronzing agent 
comprises a lead-indium alloy. 

5. The method of claim\l, wherein said bronzing agent 
comprises pure indium. \ 

6. The method of claim 1 further comprising depositing a 
film of gold on said bronzing agent so as to prevent oxidation of 
said bronzing agent. 

7. The method of claim 1 further comprising depositing a 



- 19 - 



• » 

film of platinum on said bronzing agent so as to prevent 
oxidation of said bronzing agent. 

8. The method of claim 1 further comprising: 

aligning said bronzing agent of said integrated circuit 
die on said conductive bonding area of said substrate; 

providing a compression force so as to establish 
contact between said bronzing agent of said integrated circuit 
die and said conductive bonding area of said substrate; and 

alloying said bronzing agent on said integrated circuit 
die such that said bronzing agent and said gold on said 
conductive bonding area of said substrate form an intermetallic 
compound . 

9. The method of claim! 8, wherein said alloying comprises: 
subjecting said integrated circuit die and said 

substrate to a background temperature while maintaining said 
compression force, said background temperature sufficient to 
allow said bronzing agent to meld, said compression force 
sufficient to deform said bronping agent at said background 
temperature ; I 

allowing said bronzing agent to yield; 
maintaining the distance between said gold bump and 
said conductive bonding pad; and 

subjecting said integrated circuit die and said 
substrate to a bonding temperatur^. 

10. The method of claim 9, wherein said barrier layer 
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prevents said gold bump from diffusing into said bronzing agent 



during said alloying process. 



11. The method of claim 8, wherein said intermetallic 



compound is a AuPb2. 
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12. The method of claim 9, wherein when subject to said 



bonding temperature during said alloying process, said 
intermetallic compound enters a liquid state such that upon 
cooling a hermetic bond is formed. 

13. The method of claim 9, wherein said compression force 
10 is greater than the yield limit of said bronzing agent and less 

than the yield limit of said gold bump. 

14. The method of claim 13 wherein allowing said bronzing 
agent to yield adjusts the height of the combination of said gold 
bump and said barrier layer by deforming said bronzing agent. 

15 15. The method of claim 8, wherein the compression force 

ranges from about 0.03 to about 0.2 N per gold bump. 

16. A method for flip-chip bonding an integrated circuit 
die to a substrate, comprising the steps of: 

providing said integrated circuit die with a first gold 

20 bump; 



forming a first barrier layer on said first gold bump; 



forming a bronzing agent on said barrier layer; 



providing said substrate with a conductive bonding area 



comprising a second gold bump; 
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forming a second barrier layer on said conductive 
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bonding area; and 

forming a gold layer on said second barrier layer. 

17. The method of claim 16 further comprising exposing said 
bronzing agent to a plasma comprising fluorine containing species 
such that fluorine-containing compounds form on said bronzing 
agent so as to allow wetting to occur. 

18. The method of claim 16, wherein said first and second 
gold bumps comprise at leakt about 90 weight % Au, said first and 
second barrier layers comprise at least about 90 weight % Ni, and 
said bronzing agent comprises about 100 weight % Pb. 

19. The method of claim 16, wherein said bronzing agent 
comprises a lead-indium alloy. 

20. The method of clajLm 16, wherein said bronzing agent 
comprises pure indium. 

21. The method of claim 16 further comprising depositing a 
film of gold on said bronzing agent so as to prevent oxidation of 
said bronzing agent. 

22. The method of claim 16 further comprising depositing a 
film of platinum on said bronzing agent so as to prevent 
oxidation of said bronzing agent. 

23. The method of claim 16 further, comprising: 

aligning said bronzing agent of said integrated circuit 
die on said gold layer disposed on said second barrier layer; 

providing a compression force so as to establish 
contact between said bronzing agent of said integrated circuit 
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die and said gold layer disposed on said second barrier layer; 
and 

alloying said bronzing agent of said integrated circuit 
die such that said bronzing agent and said gold layer disposed on 
said second barrier layer form an intermetallic compound. 

24. The method of claim 23, wherein said alloying 
comprises: 

subjecting said integrated circuit die and said 
substrate to a background temperature while maintaining said 
compression force, said background temperature sufficient to 
allow said bronzing agent to yield, said compression force 
sufficient to deform said bronzing agent at said background 
temperature ; 

allowing said bronzing agent to yield; 

maintaining the distance between said first gold bump 
and said second gold bump; and 

subjecting said integrated circuit die and said 
substrate to a bonding temperature. 

25. The method of claim 24, wherein said first barrier 
layer prevents said first gold bump from diffusing into said 
bronzing agent during said alloying process. 

26. The method of claim 24, wherein said second barrier 
layer prevents the second gold bump from diffusing into the 
bronzing agent during said alloying process. 

27. The method of claim 23, Vherein said intermetallic 
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is a Al^i 



compound is a AU^b2 . 

28. The method of claim 24, wherein when subject to said 
background temperature during said alloying process, said 
intermetallic compound enters a liquid state such that upon 
cooling a hermetic bond is formed. 

29. The method of claim 24, wherein said compression force 
is greater than the yield limit of said bronzing agent and less 
than the yield limit of said first and second gold bumps. 

30. The method of claita 29, wherein allowing said bronzing 
agent to yield adjusts the distance separating the integrated 
circuit die and the substratel by deforming said bronzing agent. 

31. The method of claim 23, wherein the compression force 
ranges from about 0.03 to about 0.20 N grams per bond being 
formed. 

32. A flip-chip structure Comprising: 
an integrated circuit die comprising a g6ld bump, 
a barrier layer formed on said gold bump, 

a bronzing agent formed on said barrier layer, and 

a substrate comprising at lea^x one conductive bonding 

area corresponding to said gold bump*; saip bonding area covered 

with gold. 

33. The flip-chip st^ndtu^e of claim 32, wherein said gold 
bump comprises at least y^bout-^90 weight % Au, said barrier layer 
comprises at least atfout 90 weight % Ni, and said bronzing agent 
comprises about 3^00 weight % Pb. 
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34. The flip-chip structure of claim 32, wherein ^aid 
bronzing agent comprises a lead- indium alloy. 

35. The flip-chip structure of claim 32, wherein said 
bronzing agent pure indium. 

36. The flip-chip structure of claim 32, yfrherein the 
bronzing agent is coated with a film of gold/so as to prevent 
oxidation of said bronzing agent. 

37. The flip-chip structure of claiiti 32, wherein the 
bronzing agent is coated with a film of /platinum so as to prevent 
oxidation of said bronzing agent. 

38. The flip-chip structure of /claim 32, v wherein said 



barrier layer prevents sai^/ gol<j 

bronzing agent. 

39. A flip-chip bo/id comj 
an integrated 
a barrier laye 



Dump from diffusing into said 



Jing: 



circus aae comprising a gold bump; 
led on said gold bump; 
a substrate com^yi^ing £t least one conductive bonding 
area corresponding to sai4 gold bump, said bonding area covered 
with gold; and 

an intermetal^Cc compound which forms a bond between 
said barrier layer ajad said conductive bonding area. 
40. A flip-cl/ip structure comprising: 

an integrated circuit die comprising a first gold bump; 
a firs£ barrier layer formed on said first gold bump; 
a bronzing agent formed on said first barrier layer; 




a substrate having a conductive bonding area /comprising 
a second gold bump; / 

a second barrier layer formed on said conductive 
bonding area; and / 

a gold layer formed on said second kfarrier layer. 

41. The flip-chip structure of claim AO, wherein said first 
and second gold bumps comprise at least about 90 weight % Au, 
said first and second barrier layers comprise at least about 90 
weight % Ni, and said bronzing agent comprises about 100 weight % 
Pb. / 

42. The flip-chip structure at claim 40;\ wherein said 
bronzing agent comprises a lead-Indium alloy J 

43. The flip-chip structujfe of claim Xo, wherein said 
bronzing agent comprises pure /indium. / 

44. The flip-chip ptr^yure^^-^laim 40, wherein the 
bronzing agent is coatedl wiitti a film of gold so as to prevent 
oxidation of said bronzincj agent. 

45. The flip-chip/structure of claim 40, wherein the 
bronzing agent is coated with a film of platinum so as to prevent 
oxidation of said bronzing agent. 

46. The flip/chip structure of claim 40, wherein said first 
barrier layer prevents said first gold bump from diffusing into 
said bronzing aigent. 

47. The k lip-chip structure of claim 40, wherein said 
second barrier layer prevents the second gold bump from diffusing 
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into the bronzing agent. 

48. A flip-chip bond comprising: 

an integrated circuit die comprisipg'a first gold bump; 
a first ^barrier layer forme$J^6n said first gold bump; 
a substrate hav^gj^dpnductive bonding area comprising 
a second gold bump; sf^l 

a second ybarrrer layer formed on said conductive 
bonding area; an^ 

an^tntermetallic compound which forms a bond between 
said firs^barrier layer and said second barrier layer. 

A method for forming a hermetic seal between an 
integrated circuit die and a substrate, comprising the steps of: 

providing said integrated circuit die with a first 
continuous gol&v band; 

forming na barrier layer on said gold band; 

forming a bronzing agent on said barrier layer; and 

providing saidv substrate with a second continuous gold 



band, said second gold band\b 
of said first gold band. 

50. The method of claim 



ipg substantially the mirror image 

49 further comprising: 
aligning said bronzing ageh^ on said second gold band 
on said substrate; 

providing a compression force so to establish 
contact between said bronzing agent and said seb^nd gold band on 
said substrate; and 



tloying said bronzing agent such that said bronzing 
agent and said second gold band on said substrate form a hermetic 
seal between sasj-d integrated circuit die and said substrate. 

51. The method of claim 50, wherein said hermetic seal 
comprises an intermd^allic compound, AuPb2. 

52. A method for forming a hermetic seal between an 
integrated circuit die aru^ a substrate, comprising the steps of: 

providing said integrated circuit die with a first 
continuous gold band; 
10 forming a barrier la^er on said gold band; 

forming a bronzing agenf on ^aid barrier layer; 
providing said substrate\w/L^h a second continuous gold 
band, said second gold band being s£Ts$tantially the mirror image 
of said first gold band; 
15 forming a second barrier layer\on said second gold 

band ; and 

forming a third continuous gold b^nd on said second 
barrier layer. 

53. The method of claim 52 further comprising: 

20 aligning said bronzing agent on said tl\ird gold band on 

said substrate; 

providing a compression force so as to establish 

contact between said bronzing agent and said third go\d band on 

said substrate; and 
25 alloying said bronzing agent such that said brbnzing 
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agentr^aijd said third gold band on said substrate form a hermetic 
seal between saTid--iiitegrat^d jcircuit die and said substrate. 

54. The method of cle&jn ^3>o*herein said hermetic seal 
comprises an intermetallic jfibmpound, AuPBi 



